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EFFECTS OF PORCINE ZONA PELLUCIDA 
IMMUNOCONTRACEPTIVES IN ZOO FELIDS 


Lisa A. Harrenstien, D.V.M., Linda Munson, D.V.M., Ph.D., Dipl. A.C.V.P., Lisa M. Chassy, 
D.V.M., M.S., Irwin K. M. Liu, D.V.M., Ph.D., and Jay F. Kirkpatrick, Ph.D. 


Abstract: Methods of contraception are necessary for management of zoo felids; however, the most commonly used 
contraceptive (melengestrol acetate implant) is associated with serious adverse reactions with long-term use. Porcine 
zona peliucida (pZP) vaccines are promising as contraceptives, but their safety in zoo felids has not been tested. pZP 
vaccine was administered to 27 female felids representing 10 species, including African lion (Panthera leo), Asian 
leopard (P. pardus), jaguar (P. onca), tiger (P. tigris), snow leopard (P. uncia), cougar (Felis concolor), Siberian lynx 
(F. lynx), Canada lynx (F. canadensis), serval (F. serval), and bobcat (F. rufus), in 15 facilities. Over 6 wk, each 
animal received three i.m. injections of 65 wg pZP with Freund’s complete adjuvant (FCA), Freund’s incomplete 
adjuvant, or carbopol as the adjuvant. Behavioral signs of estrus were seen in 14 of the vaccinated felids. An unac- 
ceptably high incidence of adverse reactions was seen including injection site swelling, lameness, limb swelling, or 
abscessation (or all) in five felids after injection with FCA as the initial adjuvant. Adverse behavioral signs, including 
increased irritability and aggression, were seen in four felids. Six of the felids were assayed for antibodies against pZP 
during the 12 mo after vaccination; all showed antibody production. Antibody levels appeared to peak 1-4 mo after 
vaccination began, although elevated antibody levels persisted in two animals for >12 mo after the first injection. All 
vaccinated felids were ovariohysterectomized 3—13 mo after vaccination. Folliculogenesis was present in all treated 
animals, and there was no histopathologic evidence of inflammatory damage to ovaries. Contraceptive efficacy was 
not specifically evaluated in this study; however, two of the three felids housed with an intact male became pregnant 
during the study, one of which gave birth to healthy cubs. 


Key words: Panthera sp., Felis sp., contraception, Freund’s adjuvant, immunocontraception, zona pellucida. 


INTRODUCTION 


Contraception is routinely used in zoo felids to 
prevent overpopulation and allow preservation of 
genetic variability within captive populations. 
Permanent contraception is safely achieved by sur- 
gical sterilization. The genetic priorities of endan- 
gered species breeding programs necessitate con- 
servation of maximum genetic resources, so tem- 
porary contraceptive methods are preferable. Me- 
lengestrol acetate—impregnated silastic implants are 
currently recommended as the most reliable means 
of reversible contraception for zoo felids, according 
to the Contraceptive Advisory Group of the Amer- 
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ican Zoo and Aquarium Association (AZACAG).’ 
Long-term or repeated use of these implants has 
been associated with endometrial hyperplasia, en- 
dometrial mineralization, and uterine and mamma- 
ry cancer.??“°47 The use of such other progestins as 
levonorgestrel and medroxyprogesterone acetate, 
androgens as mibolerone,'> and surgical methods as 
vas deferens occlusion has been investigated in zoo 
felids. None has provided reliable contraception, 
patient safety, ease of administration, and revers- 
ibility. 

Vaccination using zona pellucida (ZP) antigen 
shows promise for reversible contraception in many 
species. Reproductive immunologists continue to 
attempt to develop a ZP vaccine that could be ad- 
ministered easily to large numbers of women in rap- 
idly growing countries, stemming population growth 
with minimal ethical concerns and completely revers- 
ible contraceptive effects.77>.8:122029.39.40.48.54 Porcine-de- 
rived ZP (pZP) vaccination has become a valuable 
population control measure for wild ungu- 
lates, !3:162431-34.43-56 ZP jimmunocontraception has 
been performed effectively in a small number of 
African lions and a cougar (Kirkpatrick, unpubl. 
data) but with poor efficacy in domestic cats.'”° 

ZP glycoproteins are found in oocytes at all stag- 
es of folliculogenesis, even as early as the primor- 
dial or primary follicle stage.!8 During normal fer- 
tilization, sperm attach to receptor glycoproteins in 
the ZP matrix on the outside of an ovulated ovum, 
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thus inducing the acrosome reaction in a sperma- 
tozoon and allowing the single spermatozoon to 
complete fertilization.'° If ZP antibodies are present 
in follicular fluid before ovulation, the resultant an- 
tibody—antigen complex prevents sperm penetration 
of the ZP matrix primarily by steric hindrance 
(physical occlusion of sperm receptor sites) and 
thus prevents the cascade of events that lead to fer- 
tilization of the oocyte. In some species, the im- 
mune response to ZP vaccination includes cell-me- 
diated as well as humoral components, and T-cell 
involvement has caused lymphocytic inflammation 
in all stages of follicles in ZP-vaccinated mice.***? 
Previous studies have reported oophoritis, oocyte 
depletion, disruption of follicular development, and 
ovarian dysfunction in ZP-vaccinated nonhuman 
primates, mice, rabbits, and dogs,?.?2630.41,50,53;57,58 a]. 
though it is not clear whether these effects were 
due to the ZP doses used, purity of ZP antigen, or 
other factors. 

ZP proteins show similarity between taxonomic 
groups,”**? therefore porcine ovaries (readily avail- 
able from abattoirs) have been used as the basis for 
most ZP vaccines. However, domestic cat ZP and 
pZP share few epitopes, and this has been cited as 
the reason for lack of contraceptive efficacy in pZP- 
vaccinated domestic cats, despite high levels of 
pZP antibodies being present.” Similar epitope re- 
search has not been performed in other felid spe- 
cies, and it is uncertain whether pZP antibodies ef- 
fectively block sperm binding sites in nondomestic 
felids. 

High immunogenicity and antibody production 
have been achieved with ZP vaccines adjuvanted 
with Freund’s complete adjuvant (FCA).* However, 
FCA has been associated with adverse reactions, 
including local and systemic granulomatous inflam- 
mation, due to mycobacterial cell wall and paraffin 
oil components.®7°°° Adverse reactions have also 
been seen in domestic cats (Munson, unpubl. data). 
Mycobacterial components in FCA cause tuberculin 
test positivity in animals that have had FCA ad- 
ministered. Freund’s incomplete adjuvant (FIA) 
does not contain mycobacterial components and is 
therefore less likely to cause granulomatous injec- 
tion site reactions. FIA is also less immunogenic 
than FCA. Carbopol is a water-soluble high—molec- 
ular weight carbomer that has been used as an ad- 
juvant in pigs and rabbits without adverse ef- 
fects.14? 

Research has recently focused on ways to mini- 
mize the adverse effects of ZP vaccination by using 
less immunogenic adjuvants and more purified and 
specific (recombinant subunit) forms of ZP antigen 
protein. 3283337513337 However, the decrease in 
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broad-spectrum immunogenicity results in de- 
creased contraceptive efficacy, which is problem- 
atic for population management of zoo species. 

We administered partially purified adjuvanted 
pZP to 27 zoo felids representing 10 species, fol- 
lowed them clinically, and then evaluated their ova- 
ries histopathologically up to 14 mo after vaccina- 
tion to determine whether ZP immunocontracep- 
tives had adverse effects in these species. Serum 
ZP antibodies were also measured in six of the fe- 
lids to evaluate the magnitude and duration of their 
humoral response. 


MATERIALS AND METHODS 


Study animals 


North American institutions housing nondomes- 
tic felids were contacted to recruit permanently sur- 
plus (not intended for breeding) females for this 
study. Twelve African lions (Panthera leo), six 
cougars (Felis concolor), two tigers (P. tigris), one 
jaguar (P. onca), one Asian leopard (P. pardus), 
one snow leopard (P. uncia), one serval (F. serval), 
one Siberian lynx (F. lynx), one Canada lynx (F. 
canadensis), and one bobcat (F. rufus) were en- 
rolled in the study (Table 1). A control group of 
nonvaccinated felids was chosen from the AZA- 
CAG’s disease surveillance database to match the 
study group animals as closely as possible regard- 
ing age, previous contraceptive history, and spe- 
cies. All vaccinated felids were sexually mature at 
the time of first pZP vaccination, and their ages 
ranged from 2 to 18 yr at time of ovariohysterec- 
tomy. This study was not designed as a contracep- 
tive efficacy trial; institutions were advised that 
vaccinated felids should not be considered contra- 
cepted and should not be allowed to breed during 
the study. However, separation from males was not 
always feasible, and three felids were housed with 
sexually intact males during the study. 


Vaccine and adjuvant preparation 


pZP were isolated using techniques described 
previously.'!?! Frozen, thawed porcine ovaries were 
minced in cold phosphate-buffered saline (PBS) us- 
ing a ganged razor-blade apparatus. The oocytes 
were separated from other tissues, including gran- 
ulosa cells, by screen filtration, counted, and ho- 
mogenized. The zonae were isolated on a 48-~m 
screen, heat-solubilized at 70°C, and frozen in dos- 
es of 65 wg protein (approximately 5,000 zonae) in 
0.5 ml PBS until shipment and use by participating 
institutions. 

Three adjuvants were used for preparation of 
pZP vaccine: FCA (F5506, Sigma-Aldrich Co., St. 
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Table 1. 
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Descriptive data for 27 female zoo felids vaccinated with porcine zona pellucida, including 12 lions 


(Panthera leo), six cougar (Felis concolor), two tigers (P. tigris), one jaguar (P. onca), one Asian leopard (P. pardus), 
one snow leopard (P. uncia), one serval (F. serval), one Siberian lynx (F. lynx), one Canada lynx (F. canadensis), and 


one bobcat (F. rufus).* 








Recent 
MGA Months Estrus 
Animal Age (yr) exposure? Adjuvants until OVH seen? Comments 

Lion 1 9 no Carb/Carb/Carb 6 yes NAR" 

Lion 2 9 yes Carb/Carb/Carb 7 ND NAR 

Lion 3 11 no Carb/Carb/Carb 13 yes NAR 

Lion 4 11 no Carb/Carb/Carb 12 yes NAR 

Leopard 14 no Carb/Carb/Carb 6 yes NAR 

Tiger 1 9 no Carb/Carb/Carb 12 ND NAR, pregnancy 

Tiger) 2 Fhe HO Carb/Carb/Carb 3 ND NAR 

Jaguar 14 no Carb/Carb/Carb 7 ND NAR 

Lion 5 15 yes FCA/FIA/FIA 2 ND injection site swelling 

Lion 6 6 no FCA/FIA/FIA 3 yes NAR 

Lion 7 5 yes FCA/FIA/FIA 6 ND NAR 

Lion 8 8 no FCA/FIA/FIA 12 yes behavior change, 
limb swelling 

Lion 9 8 no FCA/FIA/FIA 12 yes behavior change, injection 
site swellings 

Lion 104 8 no FCA/FIA/no vaccination 6 yes behavior change, cellulitis, 
fistulous tracts 

Cougar 1 2 no FCA/FIA/FIA 4 yes NAR 

Cougar 2 3 no FCA/FIA/FIA 14 no NAR 

Cougar 3 7 no FCA/FIA/FIA 12 yes NAR 

Cougar 4 7 no FCA/FIA/FIA 12 no NAR 

Cougar 5 9 yes FCA/FIA/FIA Lz no behavior change 

Siberian lynx 10 no FCA/FIA/FIA 6 no lameness 

Canada lynx 6 yes FCA/FIA/FIA 8 no NAR, pregnancy 

Serval 11 no FCA/FIA/FIA 12 yes NAR 

Bobcat 6 yes FCA/FCA/FCA 13 yes NAR 

Cougar 6 10 no FCA/FCA/FCA 6 yes NAR 

Lion 11 3 18 yes FIA/FIA/FIA 6 ND NAR 

Lion 12 12 yes FIA/FIA/FIA 6 yes NAR 

Snow leopard 3 yes FIA/FIA/FIA 6 ND NAR 





* FCA, Freund’s complete adjuvant; FIA, Freund’s incomplete adjuvant; Carb, carbopol; MGA, melengestrol acetate; OVH, ovario 


hysterectomy; ND, not definitely known. 


e MGA impregnated in silastic, placed i.m. or s.c. as a contraceptive implant. Recent MGA exposure was defined as less than 2 yr 


between MGA implant removal and OVH. 
°c NAR, no adverse reactions reported by clinical veterinarian. 
d Lion 10 did not receive a third vaccination. 


Louis, Missouri 63178, USA), FIA (F5881, Sigma- 
Aldrich Co.), and carbopol (Carbopol 934, B. E 
Goodrich, Cleveland, Ohio 44141, USA). Individ- 
ual vaccines were prepared using 0.5 ml pZP and 
0.5 ml adjuvant, emulsified together immediately 
before injection. 


Study schedule 


pZP vaccine was administered i.m. by hand in- 
jection, pole syringe, Capchur® dart (Palmer Chem- 
ical and Equipment Co., Douglasville, Georgia 
30133, USA), Telinject® dart (Telinject, Saugus, 
California 91350, USA), or Pneu-dart® dart (Pneu- 





dart, Williamsport, Pennsylvania 17703, USA) ina 
l-ml volume. Each felid received three inoculations 
over a 1.5-mo period, except one lion that did not 
receive a third inoculation because of injection site 
reactions seen after the first two inoculations (Table 
1). Table 1 also shows the order of adjuvants used 
for the three injections in each individual. One bob- 
cat and one cougar received FCA as the vaccine 
adjuvant for all three inoculations, instead of re- 
ceiving FIA in the second and third inoculations as 
had been intended. One snow leopard and two lions 
received FIA as the vaccine adjuvant for all three 
inoculations. In total, 19 felids received FCA or 
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FIA (or both) as their vaccine adjuvant (pZP-P), 
and eight felids received carbopol as their vaccine 
adjuvant (pZP-C). Behavior changes, subjective 
signs of estrus (vocalization, posturing, and other 
signs decided upon by each institution), and clinical 
signs of illness were recorded at each institution 
during the course of the study. Blood was collected 
from six felids before initial pZP vaccination and 
then at approximately 1, 3, 6, 8, 10, and 12 mo 
after initial vaccination, although not all time points 
were achieved for all animals. Ovariohysterectomy 
was performed on all vaccinates at approximately 
3, 6, or 12 mo after initial pZP injection. The uterus 
and ovaries were fixed in 10% neutral buffered for- 
malin and shipped to the University of Tennessee 
for histopathologic examination. 


Antibody analysis 


Serum was harvested and frozen until it was 
shipped to the University of California for antibody 
measurement. Antizona antibody analysis was ac- 
complished by the enzyme-linked immunosorbent 
assay (ELISA).°° Fifty microliters of 5 ug/ml zona 
antigen solution in 0.1 M glycine buffer (pH 9.5) 
was placed in each well of a flat-bottom ELISA 
microplate (““Sumilon” low protein binding, Cat. 
#MS-3496, E & K Scientific Products, Saratoga, 
California 95070, USA) and incubated overnight at 
4°C. At room temperature (20—22°C), the plate was 
washed once and incubated with 200 pul PBS- 
Tween for 30 min to block unspecific binding sites. 
After two more PBS—Tween washes, the treatment 
of the plate consisted of subsequent incubations 
with 50 pl/well of TBS-Tween-—diluted reagents 
used in the following order with three washes each 
in between: study felid’s serum diluted 1:500, bio- 
tinylated goat anti-cat IgG diluted 1:250 (Kirke- 
gaard and Perry Laboratories, Gaithersburg, Mary- 
land 20879, USA), and alkaline phosphatase avidin 
diluted 1:1,000 (Zymed Laboratories, San Francis- 
co, California 94101, USA). Finally, 50 wl of sub- 
strate solution of 1 mg p-nitrophenyl phosphate/ml 
(5-mg tablets, Sigma-Aldrich Co.) in 10% diethan- 
olamine buffer (pH 9.8) was distributed to each 
well. Reference serum consisting of pooled sera 
with antizona antibody levels of a medium-positive 
range (compared with anti-pZP antibodies gener- 
ated from pZP-injected domestic cats) was used as 
a positive control. Pooled preimmunization sera 
served as negative controls. The plate was scanned 
for absorbance at 405 nm using an MR 580 Mi- 
croelisa Auto Reader (Dynatech Laboratories, Al- 
exandria, Virginia 22313, USA) when the absor- 
bance of the positive reference serum had reached 
a level close to 0.8 after incubation of approxi- 
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mately 10 min. The experimental sera were scanned 
in duplicate, and their values were expressed as op- 
tical densities. 


Histopathologic examination 


Both ovaries from each felid were examined for 
gross lesions, sectioned in a sagittal plane, then one 
half of each ovary was sectioned at 5-mm incre- 
ments in a transverse plane. Tissues were embed- 
ded in paraffin, sectioned at 7 um, and stained with 
hematoxylin and eosin. 

All ovarian sections were examined for evidence 
of follicular development and lesions. The follow- 
ing features were quantified: primordial and pri- 
mary follicles, secondary follicles with oocytes but 
no visible zonae, secondary follicles with visible 
zona development, tertiary follicles, corpora lutea 
(CL), granulosa cell nests, and atretic secondary or 
tertiary follicles. Presence or absence of inflam- 
matory cells, mineralization, or neoplasia was as- 
sessed. The character and degree of inflammation 
were recorded. 

Ovaries from 10 animals (five controls, two pZP- 
FE and three pZP-C) were immunostained to confirm 
the presence of lymphocytes. For these procedures, 
slides were deparaffinized with xylene and rehy- 
drated through graded alcohols. Sections were 
steamed at 94°C for 30 min in citrate buffer, pH 
6.6, for antigen retrieval. Endogenous peroxidase 
was blocked with Peroxidase Blocking Reagent 
(Dako Corporation, Carpinteria, California 93013, 
USA) for 5 min at room temperature. Then, slides 
were incubated with prediluted primary monoclonal 
antibodies against CD3 (T cells, Novocastra Lab- 
oratories Ltd., Newcastle on Tyne, U.K.) or CD79a 
(B cells, Dako Corporation) for 30 min at room 
temperature. Domestic cat spleen was used as a 
positive control. Negative control slides were in- 
cubated without primary antibodies. Slides were in- 
cubated with secondary biotinylated horse anti- 
mouse IgG (Vector Laboratories, Burlingame, Cal- 
ifornia 94010, USA) for 30 min, followed by stre- 
pavidin—horseradish peroxidase (Zymed) for 20 
min following the manufacturer’s protocols. Ami- 
no-9-ethyl-carbazole (Sigma-Aldrich Co.) was used 
as the chromagen. Slides were counterstained with 
hematoxylin (Gill’s formula, Fisher Scientific, Pitts- 
burgh, Pennsylvania 15275, USA). 


Statistical analyses 


For quantitative ovarian analyses, the mean num- 
ber of each follicular stage was compared between 
pZP-treated and control animals by nonparametric 
tests (Mann—Whitney test). Differences among the 
two adjuvant groups and controls also were as- 








HARRENSTIEN ET AL.—pZP VACCINATION IN ZOO FELIDS 





$ 
= —— Cougar 3 
a —— Co 4 
s i ugar 
Z —— Lion 8 
a --#-- Lion 9 
E —e— Serval 
2 -"- Lion 10 
© 
0 5 10 15 
Months after initial PZP 
vaccination 
Figure 1. Pre- and postinoculation levels of antibod- 


ies against porcine zona pellucida (pZP) in six pZP-vac- 
cinated female zoo felids, including three lions (Panthera 
leo), two cougars (Felis concolor), and one serval (F. ser- 
val). Antibody levels were measured by enzyme-linked 
immunosorbent assay and are expressed as optical density 
values, which are proportional to the amount of antibody 
present. Animals were vaccinated at time 0, 0.75, and 1.5 
mo, except for lion 10, which was vaccinated only once, 
at time 0. 


sessed using nonparametric analysis of variance 
(Kruskal-Wallis test). For the Freund’s adjuvant 
group, ovarian features were compared among the 
3, 6, and 9 mo postvaccination groups. Qualitative 
ovarian data including presence or absence of zo- 
nae, CL, inflammation, mineralization, or neoplasia 
were compared between pZP treatment groups and 
between vaccinated versus nonvaccinated felids in 
contingency .tables. For all analyses, the signifi- 
cance level was set at P < 0.05. 


RESULTS 


Immunocontraceptive response 


Antibodies to pZP were measurable in all six fe- 
lids from which sera were collected (Fig. 1). Three 
of these felids had received pZP with a FCA/FIA/ 
FIA adjuvant protocol, one had received pZP with 
a FCA/FIA adjuvant protocol (no third vaccina- 
tion), and two had received pZP with a FIA/FIA/ 
FIA adjuvant protocol. The highest optical density 
measured in each felid was =84% that of positive 
reference serum (range 84—148%). Highest anti- 
body levels were measured at | mo after the first 
vaccination in one felid, at 3 mo in three felids, and 
at 10 or 12 mo in two felids. Ovaries of felids that 
had persistently high antibody levels (serval and 
cougar 4) appeared histologically similar to those 
of felids with lower antibody levels, with no evi- 
dence of impeded folliculogenesis, follicular dam- 
age, or increased inflammation. Two of the three 
felids housed with males became pregnant during 
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the study; these felids’ sera were not available for 
antibody measurement. 


Adverse reactions and behavioral signs 


Clinically apparent adverse reactions were seen 
in several of the felids vaccinated with FCA as the 
initial adjuvant but not in felids receiving other ad- 
juvants (Table 1). Injection site swellings were seen 
in four felids for at least 3 mo after their second 
vaccinations. Injection site reactions did not appear 
to be associated with a particular injection method 
or institution because they occurred after pZP had 
been hand-injected or darted and at more than one 
facility. Two lions from separate facilities devel- 
oped firm nodular masses at the site of pZP injec- 
tion. One of these masses was biopsied within 3 
mo of development, and biopsy revealed an exten- 
sive pyogranulomatous reaction at the site. Ad- 
mixed with the abundant epithelioid macrophages 
and neutrophils were clear vacuoles that are char- 
acteristic of paraffin oil from Freund’s adjuvant. In 
another lion, an injection site reaction progressed 
to cellulitis of both hind limbs with fistulous drain- 
ing tracts that eventually healed as scars during the 
subsequent year. In another lion from the same fa- 
cility, an injection site reaction involved swelling 
of one entire hind limb after the third vaccination. 
One lynx showed transient lameness without ap- 
parent injection site swelling for 3 days after sec- 
ond vaccination. Abnormal behavior was seen in 
four felids after vaccination, including increased ir- 
ritability, “masculine” behavior, and aggression for 
the entire duration of the study. Behavioral signs of 
estrus were seen in at least 14 of the vaccinated 
felids (Table 1), and breeding was often observed 
in felids housed with intact or vasectomized males. 


Ovarian and uterine histopathology 


All animals had evidence of ongoing folliculo- 
genesis and many had CL, indicating recent ovu- 
lation. Quantitative findings of follicular develop- 
ment are presented in Table 2. Control animals had 
fewer developing secondary follicles and more 
atretic secondary follicles than animals treated with 
pZP-F (FCA and FIA together). Animals vaccinat- 
ed with pZP-C had significantly more secondary 
follicles without zonae than either pZP-F or con- 
trols. All animals except two controls and one pZP- 
F had plentiful healthy zonae. Minimal lymphocytic 
infiltrates composed of small numbers of B- and T 
cells were present in the stroma and atretic follicles 
of most animals including 20 of 25 controls, 14 of 
19 pZP-F-treated animals, and all pZP-C-—treated 
animals (P = 0.7). There was no qualitative differ- 
ence in degree or distribution of inflammation 
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Table 2. Quantitative and qualitative features in ovaries of 27 zoo felids vaccinated with porcine zona pellucida. 
N refers to the number of felids in each treatment group. Table entries list the number seen of each type of ovarian 


feature.* 





PZP-Freund’s, 


PZP-Carbopol, 





N= 19 N= Control, N = 25 
Ovarian feature (x + SD) (x + SD) (x =£ SD) P value 
Primordial and primary follicles 169.6 + 141.9 115.6 + 144.6 165.8 + 159.6 0.46 
Secondary follicle with no zona ET ÆG E i = $F DEO 0.001 
Secondary follicle with zona 15.1 + 12.4 5.8 + 4.8 67 = 6.2 0.01 
Tertiary or preovulatory 13.8922 1157 S8 =°72 8.9 + 7.2 0.29 
Corpora lutea elke 4 Le i O65 h 0.15 
Granulosa cell nests OSE 0.5 £ 05 1.0 = 2:0 0.26 
Atretic secondary follicles LA = 4.3" LS = LG 65 EGF 0.0004 
Atretic tertiary follicles- 158. +72 13:8 2 923 17.0 + 10.6 0.69 


* Within rows, values with different superscripts are significantly different (P < 0.05) by Kruskal—Wallis nonparametric tests. 


among treatment groups. One pZP-C-treated jaguar 
with an ovarian papillary cystadenocarcinoma had 
abundant lymphocytes infiltrating the theca and sur- 
rounding zonae. There were no significant differ- 
ences in parameters among ovaries obtained 3, 6, 
or 12 mo after pZP-F vaccination. Moderate to se- 
vere cystic endometrial hyperplasia was present in 
66% of both pZP-vaccinated and control groups (P 
= 1.24). 


DISCUSSION 


This study showed that pZP vaccination induces 
an immunologic response in zoo felids, but that 
vaccination is not necessarily efficacious. Follicu- 
logenesis and ovulation continued in the felids of 
this study, despite the presence of ZP antibodies. 
These data are consistent with findings of a previ- 
ous pZP clinical trial in African lions (Kirkpatrick, 
unpubl. data), in which pseudopregnancies were 
seen. 

No ovarian damage was noted in any of the study 
animals. Differences among treatment groups for 
quantitative ovarian parameters were not consid- 
ered biologically relevant because all stages of fol- 
liculogenesis were plentiful. Unlike reports of im- 
mune-mediated damage to ovaries in ZP-vaccinated 
dogs, rodents, rabbits, and primates, no significant 
inflammation was observed in the ovaries of study 
felids. The prominent lymphocytic infiltrates in the 
pZP-C-treated jaguar with ovarian cancer were 
likely in response to the tumor. It is possible that 
the inflammatory lesions in other studies were due 
to adjuvant effects or lack of purity of the ZP an- 
tigen. 

Although previous studies involving wildlife 
species have suggested correlation between pZP an- 
tibody levels and contraceptive efficacy, these find- 
ings may not be applicable to felids.!’% In our 








study, neither pZP-F nor pZP-C vaccines were 
100% effective in preventing conception and preg- 
nancy. The two felids that became pregnant in our 
study did not have sera collected for antibody mea- 
surement, so it was not possible to correlate anti- 
body levels to contraception. These two animals 
may have had low antibody levels, so that ova were 
not effectively coated with antibody and therefore 
not protected from fertilization. Alternatively, the 
contraceptive effects of ZP vaccination may be due 
in part to cell-mediated immunity. However, the 
ovaries of the ZP-vaccinated animals of our study 
did not contain significantly more lymphocytes than 
control animals and those lymphocytes present 
were randomly distributed (not spatially associated 
with follicles). These findings suggest that cell-me- 
diated immune damage did not occur in ZP-vacci- 
nated zoo felids. It is possible that zoo felids’ ZP 
epitopes differ significantly from pZP epitopes, 
therefore making pZP antibodies ineffective in 
blocking ZP sites on the zonae of zoo felids, as has 
been described in domestic cats.*’ Further research 
regarding epitope characteristics of porcine and zoo 
felid ZP and antibody cross-reactivity will be nec- 
essary to understand the contraceptive potential of 
pZP antibodies in zoo felids. 

The Freund’s-adjuvanted pZP vaccine cannot be 
recommended for zoo felids because six of the 16 
felids given FCA as one of the vaccine adjuvants 
experienced significant adverse reactions. Tissue 
changes were characterized by a marked granulo- 
matous reaction, which was likely due to both the 
Mycobacterium tuberculosis antigens and the par- 
affin lipid in FCA. Behavioral reactions including 
irritability and dominant behavior may have been 
due to pain associated with vaccination site reac- 
tions and resultant defensive responses toward care- 
takers. The mycobacterial antigens and paraffin lip- 
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id of FCA induce a marked immunologic response 
and make FCA an effective adjuvant. It is not 
known whether Freund’s modified adjuvant con- 
taining M. butyricum would induce similar reac- 
tions in zoo felids or be equally immunogenic. Car- 
bopol-adjuvanted pZP vaccination did not induce 
adverse reactions in this study. 


CONCLUSIONS 


Freund’s-adjuvanted pZP contraceptive vaccines 
used in this study were associated with an unac- 
ceptably high incidence of adverse vaccine reac- 
tions in zoo felids, and the cause of these reactions 
was likely FCA. pZP vaccination regardless of the 
adjuvant was not associated with ovarian lesions in 
this study. Pregnancy and successful parturition oc- 
curred despite pZP vaccination in some felids. Until 
safer, effective adjuvants are available and ZP epi- 
topes can be designed that incite an effective im- 
mune response, pZP vaccination should not be used 
for contraception of zoo felids. 


Acknowledgments: This study was funded in part 
by the Conservation Endowment Fund of the 
American Zoo and Aquarium Association. We 
thank Drs. Tom Allen and Kris Bell of the Arizona- 
Sonora Desert Museum, Dr. Roberto Aguilar of the 
Audubon Park and Zoological Garden, Dr. Michael 
Cranfield of the Baltimore Zoo, Dr. Curt Boren of 
the Bergen County Zoological Park, Dr. Mel Shaw 
of the Birmingham Zoo, Drs. Mike Burton and Del- 
la Garelle of the Cheyenne Mountain Zoological 
Park, Dr. Michelle Willette of the Gladys Porter 
Zoo, Dr. Ed Ramsay of the Knoxville Zoological 
Gardens, Dr. Susan Abelt of the Lake Superior Zoo- 
logical Garden, Dr. Chriss Miller of the Miami Me- 
trozoo, Drs. Andy Teare and Roberta Wallace of the 
Milwaukee County Zoological Gardens, Dr. Kris 
Petrini of the Minnesota Zoological Garden, Dr. 
Kathy Orr of the Phoenix Zoo, Dr. Mike Douglass 
of St. Nicks Farm, and Dr. Wynona Shellabarger of 
the Toledo Zoological Gardens for their participa- 
tion in this study. 


LITERATURE CITED 


1. Afzalpurkar, A., and S. K. Gupta. 1997a. Identifi- 
cation of epitopes of monoclonal antibodies to porcine 
zona pellucida 3B glycoprotein, a homologue of the 
mouse/human sperm receptor. Am. J. Reprod. Immunol. 
38: 26-32. 

2. Afzalpurkar, A., H. Shibahara, A. Hasegawa, K. 
Koyama, and S. K. Gupta. 1997b. Immunoreactivity and 
in-vitro effect on human sperm-egg binding of antibodies 
against peptides corresponding to bonnet monkey zona 
pellucida-3 glycoprotein. Hum. Reprod. 12: 2664—2670. 

3. Aitken, R. J., M. Paterson, and M. van Duin. 1996. 








277 


The potential of the zona pellucida as a target for immu- 
nocontraception. Am. J. Reprod. Immunol. 35: 175—180. 

4. Bhatnagar, P, S. Sehgal, S. K. Gupta, and B. S. Dun- 
bar. 1989. Necessity of adjuvants for inducing effective 
antibody response to zona pellucida antigens. Experientia 
45: 759-762. 

5. Castle, P. E., and J. Dean. 1996. Molecular genetics 
of the zona pellucida: implications for immunocontracep- 
tive strategies. J. Reprod. Fertil. Suppl. 50: 1-8. 

6. Claasen, E., W. de Leeuw, P de Greeve, C. E M. 
Hendriksen, and W. Boersma. 1992. Freund’s complete 
adjuvant, an effective but disagreeable formula. Res. Im- 
munol. 143: 478—483. 

7. Contraceptive Advisory Group. 2001. AZA Contra- 
ceptive Advisory Group Recommendations. American 
Zoo and Aquarium Association. Available at: http:// 
www.stlzoo.org/downloads/CAGrecs2004.pdf. Accessed 
on 4 May 2004. 

8. Dunbar, BAS Sr Avery V. Lee? S Prasad D, 
Schwahn, E. Schwoebel, S. Skinner, and B. Wilkins. 1994. 
The mammalian zona pellucida: its biochemistry, immu- 
nochemistry, molecular biology, and developmental ex- 
pression. Reprod. Fertil. Dev. 6: 331—347. 

9. Dunbar, B. S., C. Lo, J. Powell, and V. C. Stevens. 
1989. Use of a synthetic peptide adjuvant for the immu- 
nization of baboons with denatured and deglycosylated 
pig zona pellucida glycoproteins. Fertil. Steril. 52: 311— 
318. 

10. Dunbar, B. S., and C. A. Shivers. 1976. Immuno- 
logical aspects of sperm receptors on the zona pellucida 
of mammalian eggs. Immunol. Commun. 5: 375-385. 

11. Dunbar, B. S., N. J. Waldrip, and J. L. Hendrik. 
1980. Isolation, physiochemical properties, and macro- 
molecular composition of zona pellucida from porcine oo- 
cytes. Biochemistry (NY) 19: 356—365. 

12. Epifano, O., and J. Dean. 1994. Biology and struc- 
ture of the zona pellucida: a target for immunocontracep- 
tion. Reprod. Fertil. Dev. 6: 319—330. 

13. Fayrer-Hosken, R. A., H. J. Bertschinger, J. E Kirk- 
patrick, D. Grobler, N. Lamberski, G. Honneyman, and T. 
Ulrich. 1999, Contraceptive potential of the porcine zona 
pellucida vaccine in the African elephant (Loxodonta af- 
ricana). Theriogenology 52: 835-846. 

14. Fritz, D. W. 1997. The Effect of Different Adju- 
vants on the Activity of the Porcine Zona Pellucida Vac- 
cine. M.S. Thesis, Medical College of Ohio, Toledo, Ohio. 

15. Gardner, H. M., W. D. Hueston, and E. E Donovan. 
1985. Use of mibolerone in wolves and in three Panthera 
species. J. Am. Vet. Med. Assoc. 187: 1193—1194. 

16. Garrott, R. A., J. G. Cook, M. M. Bernoco, J. E 
Kirkpatrick, L. L. Cadwell, S. Cherry, and B. Tiller. 1998. 
Antibody response of elk immunized with porcine zona 
pellucida. J. Wildl. Dis. 34: 539—546. 

17. Gorman, S. P, J. K. Levy, A. L. Hampton, W. R. 
Collante, A. L. Harris, and R. G. Brown. 2002. Evaluation 
of a porcine zona pellucida vaccine for the immunocon- 
traception of domestic kittens (Felis catus). Theriogenol- 
ogy 58: 135-149. 

18. Grootenhuis, A. J., H. L. A. Philipsen, J. T. M. de 
Breet-Grijsbach, and M. van Duin. 1996. Immunocyto- 








278 


chemical localization of ZP3 in primordial follicles of rab- 
bit, marmoset, rhesus monkey and human ovaries using 
antibodies against human ZP3. J. Reprod. Fertil. Suppl. 
50: 43-54. 

19. Gualandi, G. L., N. M. Losio, G. Muratori, and E. 
Foni. 1988. The ability by different preparations of por- 
cine parvovirus to enhance humoral immunity in swine 
and guinea pigs. Microbiologica 11: 363-369. 

20. Gupta, S. K., R. Kaul, S. Rajalakshmi, P. Sahai, E. 
C. Yurewicz, and A. G. Sacco. 1994. Immunoreactivity 
with native zona pellucida of antibodies against a 19 ami- 
no acid synthetic peptide corresponding to human ZP3. J. 
Reprod. Immunol. 27: 241—247. 

21. Gwatkin, R. B. L., O. E Anderson, and D. T. Wil- 
liams. 1980. Large scale isolation of bovine and pig zonae 
pellucida: chemical, immunological and receptor proper- 
ties. Gamete Res. 3: 217-231. 

22. Harrenstien, L. A., L. Munson, U. S. Seal, and the 
American Zoo and Aquarium Association Mammary Can- 
cer Study Group. 1996. Mammary cancer in captive wild 
felids and risk factors for its development: a retrospective 
study of the clinical behavior of 31 cases. J. Zoo Wildl. 
Med. 27: 468—476. 

23. Hedrick, J. L. 1996. Comparative structural and an- 
tigenic properties of zona pellucida glycoproteins. J. Re- 
prod. Fertil. Suppl. 50: 9-17. 

24. Heilmann, T. J., R. A. Garrott, L. L. Cadwell, and 
B. L. Tiller. 1998. Behavioral response of free-ranging elk 
treated with an immunocontraceptive vaccine. J. Wildl. 
Manag. 62: 243-250. 

25. Ivanova, M. 1995. Contraceptive potential of por- 
cine zona pellucida in cats. Theriogenology 43: 969—981. 

26. Jackson, R. J., D. J. Maguire, L. A. Hinds, and I. 
A. Ramshaw. 1998. Infertility in mice induced by a re- 
combinant ectromelia virus expressing mouse zona pel- 
lucida glycoprotein 3. Biol. Reprod. 58: 152-159. 

27. Jewgenow, K., M. Rohleder, and I. Wegner. 2000. 
Differences between antigenic determinants of pig and cat 
zona pellucida proteins. J. Reprod. Fertil. 119: 15-23. 

28. Jones, G. R., A. G. Sacco, M. G. Subramanian, M. 
Kruger, S. Zhang, E. C. Yurewicz, and K. S. Moghissi. 
1992. Histology of ovaries of female rabbits immunized 
with deglycosylated zona pellucida macromolecules of 
pigs. J. Reprod. Fertil. 95: 513—525. 

29. Kaul, R., A. Afzalpurkar, and S. K. Gupta. 1996. 
Strategies for designing an immunocontraceptive vaccine 
based on zona pellucida synthetic peptides and recombi- 
nant antigen. J. Reprod. Fertil. Suppl. 50: 127—134. 

30. Kerr, P J., R. J. Jackson, A. J. Robinson, J. Swan, 
L. Silvers, N. French, H. Clarke, D. E Hall, and M. K. 
Holland. 1999. Infertility in female rabbits (Oryctolagus 
cuniculus) alloimmunized with the rabbit zona pellucida 
protein ZPB either as a purified recombinant protein or 
expressed by recombinant myxoma virus. Biol. Reprod. 
61: 606—613. 

31. Kirkpatrick, J. E; P. P Calle, P Kalk, I. K. M. Liu, 
and J. W. Turner, Jr. 1996. Immunocontraception of cap- 
tive exotic species. II. Formosan sika deer (Cervus nippon 
taiouanus), axis deer (Cervus axis), Himalayan tahr (Hem- 
itragus jemlahicus), Roosevelt elk (Cervus elaphus roos- 











JOURNAL OF ZOO AND WILDLIFE MEDICINE 


evelti), Reeves’ muntjac (Muntiacus reevesi), and sambar 
deer (Cervus unicolor). J. Zoo Wildl. Med. 27: 482—495. 

32. Kirkpatrick, J. E, R. Fayrer-Hosken, D. Grobler, C. 
Raath, H. Bertschinger, J. W. Turner, and I. K. M. Liu. 
1998. Immunocontraception of free-ranging African ele- 
phants in Kruger National Park, South Africa. Abstr. Proc. 
Am. Assoc. Zoo Vet./Am. Assoc. Wildl. Vet. 1998: 434— 
435. 

33. Kirkpatrick, J. E, J. W. Turner, Jr, I. K. M. Liu, 
and R. Fayrer-Hosken. 1996. Applications of pig zona pel- 
lucida immunocontraception to wildlife fertility control. J. 
Reprod. Fertil. Suppl. 50: 183-189. 

34. Kirkpatrick, J. E, W. Zimmermann, L. Kolter, I. K. 
M. Liu, and J. W. Turner. 1995. Immunocontraception of 
captive exotic species. I. Przewalski’s horses (Equus prze- 
walskii) and banteng (Bos javanicus). Zoo Biol. 14: 403— 
426. 

35. Lea, I. A., E. E. Widgren, and M. G. O’Rand. 2002. 
Analysis of recombinant mouse zona pellucida protein 2 
(ZP2) constructs for immunocontraception. Vaccine 20: 
1515-1523. 

36. Leenaars, P. P A. M., C. E M. Hendriksen, A. E 
Angulo, M. A. Koedam, and E. Claassen. 1994. Evalua- 
tion of several adjuvants as alternatives to the use of 
Freund’s adjuvant in rabbits. Vet. Immunol. Immunopath- 
ol. 40: 225-241. 

37. Lou, Y.-H., H. Bagavant, J. Ang, M. E McElveen, 
H. Thai, and K. S. K. Tung. 1996. Influence of autoim- 
mune ovarian disease pathogenesis on ZP3 contraceptive 
vaccine design. J. Reprod. Fertil. Suppl. 50: 159—163. 

38. Lou, Y.-H., E McElveen, S. Adams, and K. S. K. 
Tung. 1995. Altered target organ: a mechanism of post- 
recovery resistance of murine autoimmune oophoritis. J. 
Immunol. 155: 3667-3673. 

39. Mahi-Brown, C. A. 1996. Primate response to im- 
munization with a homologous zona pellucida peptide. J. 
Reprod. Fertil. Suppl. 50: 165-174. 

40. Mahi-Brown, C. A., and E Moran. 1995. Response 
of cynomolgus macaques to immunization against a syn- 
thetic peptide from the human zona pellucida. J. Med. 
Primatol. 24: 258—270. 

41. Mahi-Brown, C. A., R. Yanagimachi, M. L. Nelson, 
H. Yanagimachi, and N. Palumbo. 1988. Ovarian histo- 
pathology of bitches immunized with porcine zonae pel- 
lucidae. Am. J. Reprod. Immunol. Microbiol. 18: 94—103. 

42. Maresh, G. A., and B. S. Dunbar. 1987. Antigenic 
comparison of five species of mammalian zonae pelluci- 
dae. J. Exp. Zool. 244: 299-307. 

43. McShea, W. J., S. L. Monfort, S. Hakim, J. Kirk- 
patrick, I. Liu, J. W. Turner, L. Chassy, and L. Munson. 
1997. The effect of immunocontraception on the behavior 
and reproduction of white-tailed deer. J. Wildl. Manag. 61: 
560-569. 

44. Miller, L. A., B. E. Johns, and G. J. Killian. 1999. 
Long-term effects of PZP immunization on reproduction 
in white-tailed deer. Vaccine 18: 568—574. 

45. Miller, L. A., B. E. Johns, and G. J. Killian. 2000. 
Immunocontraception of white-tailed deer using native 
and recombinant zona pellucida vaccines. Anim. Reprod. 
Sci. 63: 187—195. 








HARRENSTIEN ET AL.—pZP VACCINATION IN ZOO FELIDS 


46. Munson, L., I. A. Gardner, R. J. Mason, L. Chassy, 
and U. S. Seal. 2002. Endometrial hyperplasia and min- 
eralization in zoo felids treated with melengestrol acetate 
contraceptives. Vet. Pathol. 39: 419—427. 

47. Munson, L., J. E. Stokes, and L. A. Harrenstien. 
1995. Uterine cancer in zoo felids on progestin contracep- 
tives. Vet. Pathol. 32: 578. (Abstr.) 

48. Paterson, M., M. R. Wilson, M. van Duin, and R. 
J. Aitken. 1996. Evaluation of zona pellucida antigens as 
potential candidates for immunocontraception. J. Reprod. 
Fertil. Suppl. 50: 175-182. 

49. Rhim, S. H., S. E. Millar, E Robey, A.-M. Luo, Y.- 
H. Lou, L Yule. P-Allen, J Dean, and K. S. K. ‘Tung. 
1992. Autoimmune disease of the ovary induced by a ZP3 
peptide from the mouse zona pellucida. J. Clin. Investig. 
89: 28-35. 

50. Sacco, A. G., E. C. Yurewicz, M. G. Subramanian, 
Y. Lian, and W. R. Dukelow. 1991. Immunological re- 
sponse and ovarian histology of squirrel monkeys (Saimiri 
sciureus) immunized with porcine zona pellucida ZP3 (M, 
= 55,000) macromolecules. Am. J. Primatol. 24: 15-28. 

51. Schwoebel, E. D., C. A. Vandevoort, V. H. Lee, Y. 
K. Lo, and B. S. Dunbar. 1992. Molecular analysis of the 
antigenicity and immunogenicity of recombinant zona pel- 
lucida antigens in a primate model. Biol. Reprod. 47: 857— 
865. 

52. Seal, U. S. 1991. Fertility control as a tool for reg- 
ulating captive and free-ranging wildlife populations. J. 
Zoo Wildl. Med. 22: 1-5. 

53. Skinner, S. M., T. Mills, H. J. Kirchick, and B. S. 
Dunbar. 1984. Immunization with zona pellucida proteins 
results in abnormal ovarian follicular differentiation and 
inhibition of gonadotropin-induced steroid secretion. En- 
docrinology 115: 2418-2431. 





219 


54. Skinner, S. M., S. V. Prasad, T. M. Ndolo, and B. 
S. Dunbar. 1996. Zona pellucida antigens: targets for con- 
traceptive vaccines. Am. J. Reprod. Immunol. 35: 163- 
174. 

55. Tung, K. S. K., J. Ang, and Y. Lou. 1996. ZP3 
peptide vaccine that induces antibody and reversible in- 
fertility without autoimmune oophoritis. Am. J. Reprod. 
Immunol. 35: 181-183. 

56. Turner, J. W., Jr., J. E Kirkpatrick, and I. K. M. Liu. 
1996. Effectiveness, reversibility, and serum antibody ti- 
ters associated with immunocontraception in captive 
white-tailed deer. J. Wildl. Manag. 60: 45-51. 

57. Upadhyay, S. N., P. Thillaikoothan, A. Bamezai, S. 
Jayaraman, and G. P. Talwar. 1989. Role of adjuvants in 
inhibitory influence of immunization with porcine zona 
pellucida antigen (ZP-3) on ovarian folliculogenesis in 
bonnet monkeys: a morphological study. Biol. Reprod. 41: 
665-673. 

58. VandeVoort, C. A., E. D. Schwoebel, and B. S. 
Dunbar. 1995. Immunization of monkeys with recombi- 
nant complimentary deoxyribonucleic acid expressed zona 
pellucida proteins. Fertil. Steril. 64: 838-847. 

59. Voller, A., D. Bidwell, and A. Bartlett. 1986. En- 
zyme-linked immunosorbent assay. /n: Rose, N. R., H. 
Freidman, and J. L. Fahey (eds.). Manual of Clinical Im- 
munology. American Society for Microbiology, Washing- 
ton, D.C. Pp. 99-109. 

60. Wanke, R., P Schmidt, M. H. Erhard, A. Sprick- 
Sanjose Messing, M. Stangassinger, W. Schmahl, and W. 
Hermanns. 1996. Freund’s complete adjuvant in the chick- 
en: efficient immunostimulation but severe local inflam- 
mation. Abstr. J. Vet. Med. A. 43: 243-253. 


Received for publication 31 August 2003 





